ABSTRACT RBS (Rosat Bright Source) 0490 is a cataclysmic variable star (CV) with unusually strong emission lines. The strength of the emission lines led to a suggestion that the object is intrinsically faint and correspondingly nearby (∼ 33 pc), which, if true, would strongly affect estimates of the CV space density. Here we report astrometry, filter photometry, and time-series spectroscopy of this object. The astrometry gives an absolute parallax π abs = 4.5 ± 1.5 mas and a relative proper motion of 102 mas yr −1 . A Bayesian procedure gives a very uncertain distance estimate of d ∼ 300 pc, and the small parallax alone implies d > 133 pc (at two standard deviations). The mean V magnitude is 17.4, which implies M V = 10.9 − 5 log(d/200 pc), neglecting extinction. At 200 pc, the space velocity would be over 90 km s −1 with respect to the LSR. The time-series spectroscopy shows a possible emission-line radial-velocity period near 46 min. This would be unusually short for an orbital period and it may represent some other clock in the system.
Introduction
Cataclysmic variable stars (CVs) are close binaries in which a white dwarf accretes matter from a less-evolved companion (the secondary), which usually resembles a lower main sequence star. CVs have a rich phenomenology, and the theory of CVs ranges across wide areas of astrophysics; Warner (1995) presents a comprehensive review.
CVs are common enough that there are several with distance d < 100 pc, but their space density remains somewhat controversial, in part because of distance uncertainties. Also, the completeness of the known sample is not perfectly understood. For example, all-sky camera surveys (e.g., Pojmański 2001) frequently turn up previously undiscovered, bright dwarf novae in outburst. Many new CVs have also been found in the Sloan Digital Sky Survey (SDSS; Szkody et al. 2002 Szkody et al. , 2003 Szkody et al. , 2004 Szkody et al. , 2005 Szkody et al. , 2006 , but as Gänsicke (2005) points out, the colors of the CVs turned up by SDSS range down to the cutoff used to trigger spectroscopic followup, so more presumably remain undiscovered. Patterson (1998) gives a judicious estimate of the space density as 10 −5 pc −3 .
The space density of CVs is predicted to be an order of magnitude higher by the evolution scenario of cataclysmic binaries (Shara et al. 1986 ). Unravelling the long-term evolution of CVs is largely dependent on an accurate measure of their space density. Essentially all CVs are X-ray sources at some level, so a great many CVs have been discovered as the optical counterparts of X-ray sources. Because the X-ray surveys have well-understood completeness limits, these surveys have the potential to put CV space density estimates on a firmer footing (though very weak X-ray emitters will still be missed). Schwope et al. (2002) presented new optical identifications of CVs in the Rosat Bright Source (RBS) list. For many of their sources they estimated the absolute magnitude M V using an empirical relationship between M V and the emission equivalent width of Hβ (Patterson 1984 ; his eqn. 16). One source -RBS 0490 -had a very large EW(Hβ) = 230Å, for which the Patterson relation predicts a quite faint M V = 13.4. This, combined with an estimated m V = 16, gave a distance of only 33 pc. RBS 0490 was one of two objects for which Schwope et al. (2002) estimated d ∼ 30 pc, the other being RBS 1955. Applying the V /V max method to their data set, Schwope et al. (2002) estimated a relatively high CV space density, of order 3 × 10 −5 pc −3 . However, the inference of this high space density rested almost entirely on these two objects.
Largely because of the influence these two objects exert on the the space density estimate, we undertook to characterize them and estimate their distances. A study of RBS 1955 will be published elsewhere; here we concentrate on RBS 0490, which lies in Eridanus at α = 3 h 54 m 10 s .3, δ = −16
• 52 ′ 50 ′′ (ICRS).
Observations
All our data are from the 2.4m Hiltner reflector at MDM Observatory on Kitt Peak, Arizona. Table 1 lists the observations. For spectroscopy, we used the modular spectrograph and a 600 line mm −1 grating, giving 2.0Å pixel −1 and about 3.5Å resolution from 4300 to 7500Å, with severe vignetting toward the ends of this range. The detector was a 2048
2 SITe CCD with 24 µm pixels. For the most part, comparison lamps were taken frequently to track telescope flexure. In more recent observing runs, we have abandoned that procedure in favor of using nightsky lines to track the zero point of the wavelength solution. This technique saves telescope time and greatly simplifies operations, and extensive crosschecks show essentially no loss of accuracy. We observed flux standard stars when the weather was clear. The data reduction and analysis procedures were for the most part similar to those described in Thorstensen et al. (2004) . However, to extract one-dimensional spectra from the two-dimensional images, we used a new, original implementation of the algorithm described by Horne (1986) instead of the IRAF apsum task, the main advantage being better bad-pixel rejection.
We used the same SITe CCD for direct imaging as for the spectroscopy. The procedures were identical to those described by Thorstensen (2003) ; briefly, for the parallax measurement, we took sets of around a dozen short (∼ 100 s) I-band exposures on each visit to the source, with V -band exposures included when conditions were photometric. We also took two sets of U BV I exposures in 2002 October. Reducing these using Landolt (1992) standard star observations and mean extinction coefficients yielded the standard magnitudes given in Table 2 . The coordinates in Table  2 are from a fit to numerous USNO A2.0 (Monet et al. 1996) stars, and are estimated accurate to ∼ 0 ′′ .3.
In addition to the U BV I images, we have four V I image pairs taken on two other visits to the source; these show RBS 0490 with 17.16 < V < 17.49, and 0.25 < V − I < 0.43. The mean V magnitude overall was near 17.4.
Photometric Variability
The filter photometry taken 2002 October showed RBS 490 varying significantly between adjacent sets of exposures (Table 2) . Because the variability of this star appears not to have been studied, we derived differential time series photometry using our I-band parallax images. We shifted the differential magnitudes to approximately match the standard magnitudes, and found RBS 490 varying, apparently irregularly, in the range 16.7 < I < 17.6. Field stars of comparable brightness generally appeared constant to ∼ 0.03 mag. The observations were grouped in short bursts over several years, and hence were not well-suited for period finding, but do show that RBS 490 varies significantly.
2.2. The Spectrum. Fig. 1 shows the mean spectrum, which resembles that given by Schwope et al. (2002) . The emission lines, which are listed in Table 3 , are extraordinarily strong -the equivalent width of Hα is more than 400Å! HeII λ4686 does appear, but with relatively modest strength. The spectrum resembles those shown by Schwope et al. (2002) , but the lines all appear single-peaked, whereas they describe them as double-peaked.
Radial Velocities
To measure velocities we used convolution algorithms developed by Schneider & Young (1980) and Shafter (1983) . Hα, Hβ, HeIλ 5876, and HeI λ 6678 all gave useful results. We experimented with different choices of convolution function (derivative of a Gaussian, or two antisymmetric Gaussian) and a large range of convolution-function width. For the most part the choices of line, function, and width gave broadly similar results. The most notable exception to this was the strongest line, Hα, which sometimes did not give any plausible signal in its radial velocities. For a fiducial velocity time series, we adopt an average of velocities of Hβ and the two strongest HeI lines, measured by convolving with the derivative of a Gaussian, optimized for a 12Å (full width half maximum) line width. Table 4 lists these radial velocities.
We searched for periodicities in the radial velocity time series by fitting general-purpose sinusoids at a range of trial frequencies, and then plotting 1/χ 2 , where χ 2 is the average of the squared fit residuals normalized to their estimated countingstatistics uncertainties. For the stronger lines, counting statistics gave unrealistically small errors, so χ 2 tended to be much greater than unity. Fig. 2 shows the resulting periodogram. There is a remarkable lack of significant periodicities across the range of 'normal' CV periods, i.e., at frequencies below ∼ 20 cycle d −1 . However, there is a strong suggestion of a frequency near 30 cycle d −1 , that is, near P = 46 min. Although our data are fairly extensive, and cover a wide range of hour angle (see Table 1 ), the data are noisy enough that the daily cycle count is ambiguous. Nonetheless, if we arbitrarily choose one of the possible frequencies and fold the velocities on that frequency, we obtain the result shown in Fig. 3 . While the scatter is large, the modulation does appear significant. Table 5 gives the parameters of best-fit sinusoids at the strongest 30 cycle d
frequencies.
Some combinations of lines and measuring methods showed weak evidence of lower-frequency modulations more consistent with expectations for CV orbital periods, but these marginal detections were not consistent from line to line or method to method, so we have no confidence that any of them are real. The ∼ 30 cycle d −1 frequency, by contrast, appeared consistently in all the lines separately, save for Hα with some choices of measurement parameters.
We do not claim to have definitively established the existence of this modulation, but we think it is probably real. It is difficult to estimate a realistic false-alarm probability without a realistic model of the underlying noise process; in a limited sample, 'red' noise, for example, spurious low-frequency periodicities can appear significant. However, higher frequencies are less susceptible to this problem, because they must maintain coherence over many cycles to create an apparent signal in the periodogram.
Parallax
The astrometric solution includes 100 I-band images taken on eight different observing runs between 2002 October and 2006 January. Table 6 gives the information for the 44 measured stars, of which 16 were used to establish the reference frame. Table 7 lists the astrometric parameters. The parallax is barely detected, indicating a large distance, but the proper motion is very large, indicating a small distance. The Bayesian distanceestimation formalism explained in Thorstensen (2003) uses all this information. This formalism combines the measured proper motion with an assumed velocity distribution in order to truncate the divergence in probability at small parallaxes resulting from the Lutz-Kelker bias 2 ; this diver-gence becomes severe when the relative error in the parallax is large, as it is here. The space velocity distribution assumed in the Bayesian analysis was the same as that used in Thorstensen (2003) ; it assumes that the bulk of CVs have a velocity distribution similar to disk stars, but that there is also a high-velocity tail. Because the model assumes that most CVs have rather low space velocities, a distance estimate based on the model and proper motion alone yields a 50th-percentile distance of only 58 pc; however, the small parallax firmly excludes any distance this short. At the distance indicated by the parallax, RBS 490 evidently lies in or near the high-velocity tail of the assumed distribution. The combination of all the evidence in the Bayesian formalism yields a nominal distance of 285(+120, −105) pc (68 per cent confidence). A lower limit to the distance can be established by ignoring the Lutz-Kelker correction and the Bayesian analysis, and taking π abs < π abs (observed) + 2σ π = 7.5 mas; this exercise gives d > 133 pc. The Bayesian analysis gives a one-sigma upper limit distance of 405 pc. This would imply a transverse velocity near 200 km s −1 , which seems unlikely, since CVs generally have modest mean radial velocities γ (van Paradijs, Augusteijn, & Stehle 1996) . Also, in RBS 0490, the γ velocity is ∼ 16 km s −1 ; in an isotropic velocity distribution, a 200 km s −1 space velocity will result in |γ| < 16 km s −1 with probability ∼ 0.08. Thus d < 405 pc appears to be a reasonable upper limit. Because the Bayesian 50th percentile estimate of d = 285 pc depends strongly on the uncertain high-velocity tail of the CV distribution, we use 200 pc as a nominal distance, but we emphasize that this is very uncertain.
Discussion

Orbital Period
Ordinarily in CV studies, an emission-line radial velocity period can be confidently identified with the orbital period. Our apparent ∼ 46 min period challenges that assumption.
CVs with 'normal' hydrogen-burning secondary stars are thought to evolve to shorter periods as they lose angular momentum, pass through a period mimimum near P orb ∼ 70 min, and then of this system's luminosity.
evolve toward longer periods (Patterson 1998) . This is called the 'period bounce' (although it does not take place as abruptly as that term suggests). Most of the relatively small number of known CVs with periods below the 'bounce' show no hydrogen lines and appear to have helium secondaries; these are the AM CVn stars. Of the small handful of CVs with periods below the period minimum that do not obviously have helium secondaries, at least one -EI Psc -has an anomalously warm secondary that is evidently somewhat evolved (Thorstensen et al. 2002a) , and the helium lines in both EI Psc and the 59-minute binary V485 Cen appear at least a little strong when compared with the ordinary hydrogen-accretors at longer periods. In RBS 0490 the emission lines are remarkably strong, but the He lines do not appear to be enhanced, so an orbital period as short as 46 minutes seems implausible.
In recent years, several objects have been discovered that show radial velocity periods which are clearly not the same as P orb . The emission velocities in HS 2331+3905 show a remarkably convincing quasi-period near 3.5 hr (Araujo-Betancor et al. 2005 ), but the periodicity does not retain coherence over longer timescales, and weak eclipses indicate a stable a P orb near 81 min. In DW Cnc, the emission-line radial velocities reveal stable periodicities at 86.1 and 38.6 min, with comparable amplitude; it appears that these periodicities represent respectively the orbit and the white-dwarf spin (Patterson et al. 2004; Rodríguez-Gil et al. 2004) . These examples add weight to the argument that the ∼ 46 min period in RBS 0490 is not orbital.
But, if the 46-min period is not P orb , then the absence of any radial-velocity modulation at a more convincing orbital frequency is somewhat surprising; while CV emission lines often do not trace the motion of the white dwarf accurately, they usually do show some modulation at P orb . The full-width at half maximum of the Hα emission line is 1000 km s −1 , so it is unlikely that the system is nearly face-on. It is possible that the secondary's mass is very small. The spectrum shows no trace of the secondary, but given the stillunknown P orb and rather uncertain distance, the non-detection is not readily interpreted physically.
Fortunately, rather than crying vaguely for 'more studies', we can suggest a very specific approach to unscramble this object: extensive timeseries photometry. There is a good chance that this would reveal other periodicities that would point the way toward understanding this object.
Distance and Demographics
Our mean V = 17.4 implies an absolute magnitude M V = 10.9−5 log 10 (d/200 pc), or M V < 11.8 using our lower-limit distance of 133 pc. As noted earlier, the M V -EW(Hβ) relation from Patterson (1984) predicts M V = 13.4 from the very strong emission. However, the relationship shows considerable scatter, and the calibration points used by Patterson (1984) do not extend to objects with lines this strong. One must clearly be cautious in using this broad-brush correlation to estimate the luminosities of individual objects; also, the lines in this object really do appear extraordinarily strong for the luminosity. The very short distance estimated by Schwope et al. (2002) was also based on a value of V ∼ 16, estimated from spectrophotometry; this is over 1 magnitude brighter than we have seen it in our four photometric visits. In any case, the short distance is excluded by the small parallax. Also, an MDM Observatory parallax study of RBS 1955 (in preparation) gives a distance of ∼ 160 pc for that source, over five times the Schwope et al. (2002) estimate. Thus it appears that the high space density derived in that paper should be disregarded.
The appropriate CV subclassification for RBS 0490 is unclear. The relatively short period in the emission lines suggests a white dwarf spin period in a magnetic system, but HeII λ4686 is rather weak, while in most magnetic CVs it has considerable strength. On the other hand, HeII λ4686 is not particularly strong in DW Cnc or HS 2331+3905, either, so this is not conclusive. The absolute magnitude is comparable to those of dwarf novae in quiescence, and much less bright than novalike variables. Using our upper-limit distance of 405 pc, we find M V > 9.4, which is still well short of novalike brightness. a Coordinates referred to the ICRS, and are from a fit to 24 USNO A2.0 stars, with a scatter of 0.6 arcsec. Units are hours, minutes, and seconds for the right ascension and degrees, minutes, and seconds for the declination. (2) 0.03472 (5) 39 (14) 16 (10) 102 46 Note.-Parameters of least-squares sinusoid fits to the radial velocities, of the form v(t) = γ + K sin(2π(t − T0)/P . a Heliocentric Julian Date minus 2452000.
b Root-mean-square residual of the fit. a Referred to the ICRS (∼ J2000).
b Weight, 1 or 0 depending on whether the star is used as reference.
c RMS deviation from the relative positions predicted by the best-fit parallax and proper motion. 
